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In the previous report, the effect of phase differences on the H-antigen 

transduction in Salmonella was teated. The data are summar ized in Table 1 and 

Table 2. From these results, the hypothesis has been proposed on the mechanism 
2% 

of'phase variation; that is, each phase is controled by the different locus, 

phase 1 by Hl and phase 2 by H2, and II2 
p/s 

suppresses the action of Hl, addphase 

variation occurres by the mutation of H2 to inactive allele hl. In other words, 

phase 1 has genotype Hlh2 and phase 2 has genotype HlH2. In the present paper, 
(T&&L-d/%&+J 

the data offered by Dr. Lederberg)will be discussed,, by comparing them with those 

of the previous report and with the results deduced from above hypothesis. 

Before begini&ng the discussion of the data, the expected results from the 

above hypothesis will be considered theoretically, which will be convenient to 

discuss the data quantitatively. In general n B~~e/%/68%%/~~l~#~~~~l~~lP#/~2 B 

B~l16~~8/~/~~~~/~#/plrhl11IY~~~dlfPl~~~/~~f~Ofbfb Phage - tr-sduce W-r hz 

$k~aaphasell cell, and Hl or H2 from phase 2 cell in regard to the H-factors, so 

the frequencies of the phages wlhich carry Hl, H2 or h2 in total H-carrying phages 

are aa follows: 
FA(Hl)----- ll(dl+d2) = 11 

FA(H2)----- 12d2 

FA(h2)----- 12dl 

11 = ProbabPlity'of Hl-incorporation by phage in total H-incorporation. 

l9 = Probability of HZ-incorporation by phage in total H-incorporation. 

11+12 = 1 

dl = Frequency of phase 1 cells in donor culture. 

d2 = Frequency of phase 2 cells in donor cultures 

dl+d2 = 1 



These phages are transduced into recipient cells and produce following four 

combinations: Ih2, Ii Hlfi2, 81x2, and H1g2, and the frequency of each type is 

as follows, 

% h2 ---- llclrl '$1) 

5% 

-v-v 
12c2d2(q*2) = 12c2d2 (2) 

$H2 ---- llclr2 0) 

H$2 ---- 12c2dl(rl+r2) = 1p2dl (4) 

rl = Bequency of phase 1 cells in recipient culture. 

r2 = Frequency of phase 2 cells in recipient culture. 

Cl = Efficiency of HI-incorporation by recipient cells. 

c2 = Efficiency of H2-incorporation by recipient cells. 

For the simplification, lc is replace& by t ( transduct@n coefficient of 10~~s ), 

then, 
%% --- tlrl (1' 1 

H.ji2 --- t2d2 (2') 

f&H, ---- t1r2 

H$, ---- t&3 

When antiserum for the H-antigens of the recipient cells are used as selective 

agents, type (3) and type (4) are selected away, so the ratio of phase 1 trans- 

duced type &AC phase 2 transduced type is 

!l : 3, L tlrl : t2d2 

Thus, when antiserums are used as selective agents, the frequency of the transduc+ 

tion of phase 1 increasswith the increase of the frequency of the phase 1 cells 

in recipient culture regardless the frequency in donor cultures. wh;e$s the 

frequency of the transduction of phase 2 increases with the increase of the phase 

2 cells in donor cultures regardless the frequency in recipient culture. The 

transduced types,when donor, recipient or both contain only one p&&Aernative 

phases,are shown in Table 5. 



Bow, we shall turn back to the experimental results. The data shown in 

table 3 coin@de well with results deduced from the hypothesis. Only one contra- 

diction is the appearance of thec2 H2 -transduced types in phase 1 -x phase I! 

combination. As indicated by formula (5) and Table 5, H2-transduced type appears 

only when donor contains$&ase 2 cell, so the possible explanation of this 

discrepancy may be the contamination of phase % during the course of preparation 

of phase 1-lysate by the phase variation (h2 to HZ). The same consequences have 

been observed also in the phase 1 -x phase 2 and phase 2 -x 

in Table 1, though the direction of the variation is rever d 

hase 2 combinations 

'. These few contami- 

nations are very liable to occur as the mutation ratsbetween each phase are very 

high and the preparation of the lysate requires tlm growf$ fit the bacterial cells 

until the numbers which allow the occurrence of the mutation H2 * h2. 

The experiments shown in Table 2 and Table 4 were performed with same 

donor (TN?, i:1,2) aad recipient (Sal. abony, b:enx) strain but with different 
#.A 

lysates and cultures. The results of phase 1 -x m&phase coincide with each 

other and also with the theoretical expectation (Table 5). One phase 2 ty@nsduCed 

type in the combination of phase 1 -I mixed phase in Table 4 may be explained 

as the result@ of the mutation from phase 1 to phase 2 during the preparation 

of lysate. 

In the results of phase 2 -x mixed phase, marked confliction is found 

out. According to the theoretical expectation, phase l-transduced type and 

phase 2-transduced type must appear at the rate of tlrl/t2. The result indicated 

in Table 2 is explained as tlrl = t2, and rl = 0.46 as reported in the previous 

paper, so 0.46tl = t2. That is, the transduction efficiency of phase 2 is 

about half of phase 1 locus. 

( t,/t2 can be calculated also from phase 2 -x phase 1 experiment in Table 4, 

where the ratio of phase 1 transduced type to phase 2 transduced type coincide 

with the ratio of tl to t2. So, 



tJt2 = 42111, 0.25t1 = t2. 

Thus the efficiency of transduction of phase 2 locus is about one fourth of the 

phase 1. 1 

While Table 4 showes no phase 1 transduced tne in the experiment phase 2 -x 

mixed phase , which is expressed by the following formula, 

tlrl = 0 or tlrl << t2. 

as suggested by Dr. Lederberg, r1 = 0.5, So the remained possibility is 

t1 << t2 

This is completely reverse conditLon with$evious paees in regard to the 

efficiency of transduction. and it is required to assume the great variability 

of tl/t2-ratio to expkln these results without contradiction. Thus, it may 

be most important to test in what extent the tl/t2-ratio is vaeiable by the 

experimental condition ( e.g. the concentration of donor or recipient culture, 

,br the difference of the strain ), in order to proceed the discussion about the 

mechanism of phase variation on the basis of the proposed hypotheShs. 



Table 1. 

Transductions between single phase cultures of diphasic strains. 

Sal. abony @ la+, b:enx) -x a. heidelberg (Fla-, r:1,2). 

Phase Phase AntiEen types of Fla--transformed cells Ratio of 
of of Unlinked type Linked tspe Total linked 

donor reciaient r:(1.2) (r):l.2 TotAl b:(1,2) (b):1.2 Total tramduction 

1 (b) 1 W 21 0 21 22 0 22 43 0,51 

1 (b) 2 (1.2) 0 7 7 1 42 43 50 0.86 

2 (enx) 1 (r) 11 0 11 30 0 30 41 0.73 

2 (end 2 (1,2) 1 10 11 1 38 39 50 0,78 

Total 33 17 50 54 80 134 la4 0.73 

X2 (ratio of linked transduction) = 13.69, nz= 3 

P -; 0.01 

Table 2. 

Transduction of Hl and Ii2 from single phase culture to mixed phase 

culture in the diphasic strains ----(1). Transformed cells were 

selected by a&i-i and -1.2 serum. S&. t.whimurium -x Sal. abow. 

Donor Recipient Bo. of the transformed cells 
I: (enx) (b):1,2 

TM-2 phase 1 SW-803 19 0 
(i) (b:enx) 

TM-2 phase 2 !I I.& 14 
(12) 

- 



Table 3. 

Transduction of the H-antigen factors between single phase cultures 

of diphasic strain (Sal. abony, b:emx -x S&. tmhimurium TM-2, I: 

1,2). Transformed cells were selected by anti-i and -1.2 serum. 

Phase of Phase of Xo. of the transformed cells 
Donor Recipient b:(1.2) (i):enx 

1 (b) 1 (1) 10 2 

2 (end 1 (I) 42 11 

1 (-4 2 L2) 0 0 

2 (enx> 2 (1,2) 0 17 

Table 4. 

Transductions of Hl and H2 from single phase culture to mixed phase 

culture in the diphasic strains ----(2). Transformed cells were 

selected by anti-i and -1.2 serum. &. tsphimurium -x Sal. abony. 

Donor Recipient Ho. of the transformed cells 
I: (enx) (b):1.2 

TN-2 phase 1 SW-803 33 1 
w 

TM-2 phase 2 
(by=) 

0 L12 
(1.2) 



Table 5. 
!l?he results of H-transduction between diphasic strains, expected from 

proposed hypothesis when selected by the antiserum for the antigen of 

recipients. 

the 

the 

Phase of Phase of Patio of El-transduced type 
donor recipient d2 rl to H2 transduced t 

il, : 

l&2 

1 

2 

l&2 

lBs2 

1 

1 

2 

2 

l&2 D O<d2<1 

l&2 0 

1852 1 

1 Otd2<1 

2 Ocd2<l 

1 0 

2 0 

1 1 

2 1 

O<r$l 

O<r; 1 

0021 

1 

0 

1 

0 

1 

0 

t1r1 

t1r1 

t1r1 

t1 

0 

t1 

0 

t1 

0 

t2d2 

0 

t2 

t2d2 

t2d2 

0 

0 

t2 

t2 

r1 = frequency of phase 1 cells in recipient culture. 

d2 = frequency of phase 2 cells in donor culture. 

t1 = Coefficient of transducthon of Hl locus. 

t2 = Coefficient of transduction of H.2 1~~s. 


